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                      Hiroshi SHITARA 
    In Japan, regional thermal conditions vary remarkably from south to north 
especially in winter. In the southwestern coastal region the growing season con-
tinues even in winter, on the other hand, in northern Hokkaido freezing continues 
for three months. Studies on such problems are comparatively rare, because many 
investigators have been interested mainly in areal contrast of the precipitation 
between the Pacific side and the Japan Sea side in winter regardless of the 
agricultural activeties. 
    Recently a series of "Climatic Table of Japan" has been publised and detailed 
climatical data of various sorts are given concerning all the meteorological offices. 
Based on these data the author tried to investigate the winter climate of Japan 
from the view-point of winter-days and ice-days. 
    I Advance and retreat of winter area 
    Daily normals of maximum, minimum and mean air temperatures at all the 
meteorological offices in Japan were calculated based on the data for thirty years 
from 1931 to 1960 (Japan Meteorological Agency 1962). From the daily normals, 
datailed climatic annual variation of air temperatures are obtained for all the 
officies. At any of the office, therefore, the season lengths with air temperature 
above or below a certain degree can be calculated, and the dates of beginning or 
end of that season are easily obtained. 
    End of growing season
   The period in which the daily mean air temperature is above  5°C is called 
the growing season. The northern limit of the area with the season, which is 
shown  by the equal-date-line of the end of the season, begins to retreat southward 
from northern Hokkaido early in November, and it is deeply protruded southward 
into the inland region of Honshu (main land) at the last decade of this month 
(Fig. 1—A). The southward retreat along the Pacific coasts is suddenly retarded 
in December to about 8 km/day from about 25  km/day in November. Then it never 
reaches the southernmost Kanto district. Along the Japan Sea coast, however, 
the areal limit of the growing season retreats steadily at the rate of 25 km/day 
until it reaches the San-in district. 
   Beginning of winter-day season 
   After the growing season has left, the area of winter season expands from 
the north. The day on which minimum air temperature falls below 0°C is called
2 H. SHITARA
A
    •
• °
 10,JAN.
 E
‘
1,7N
DEC
 30.
 ,20.0E0. 
 ,
 ,C7
 ,•:31
     C6)
 .a
Fig.
 0 •
             cac' 
 cZ,  °
•        O 
 21  FEB
 20.  DEC  •
 a 
 2)-,
 2ONCV
   
: .
 I0  JAN.
 30,10V. 
 0.DEC. 
 MEC. • 
 31.  DEC  
1  0.1A  N.
     0t4JAN  •  TOIDEC.  ( 
                    ODE 
 4
40„;„, 
 DEC. 
             _--,.10JAN.
dQ
 c, 0  
.  0  FEB
•  FE 
 fErEl. 
 "19
 20
 < \ 
 ----
. 
 40-1.,2"
 4fAq.
og
it
 FEB  
0  MAR       
. .
 20  MAR
 C
Q  DEC.
(
 20N
 30  NOV
......„
, 
1 
% ).  ...., ..." '
.
1C\-P1-3'../e0
  10.NOV): 
 20.NOV.
 0  It  AN.3i, 
 dif;DEC 
                  10 •
           ° 
• '14( 
    .)\
I  0.MAR.
 I, The dates of the beginning or the end of thermal seasons 
 A  : End of growing season  B: Beginning of winter-day season C 
 F  : Beginning of growing season  E  : End of winter-day season
 20  MM.
   st.o,
PpP 
 rA
      ,O      P4~      i
   ~ N
 1O0
 20DEC.
: Beginning of ice-day season 
 n  D: End of ice-day season
                 On Winter-days and Ice-days in Japan 3 
"winter-day", while the spell of those days in normals makes a climatic winter day 
season. The dates of beginning and end of the season are important climatic 
demarcations of the cold season. The distribution of the beginning dates of the 
season is shown in Fig. 1-B. 
   Beginning of ice-day season 
   When the daily maximum air temperature is below 0°C, freezing continues for 
a whole day, which is called an "ice-day". The distribution of the beginning 
dates of that climatic season (Fig. 1-C) shows that the season first appears in the 
northern and inland parts of Hokkaido in the second decade of December, and the 
ice-day area extends over most part of Hokkaido in one month. However, it does 
not cover Honshu (main land) at all. 
   End of ice-day season 
   At the end of January, the southern limit of the ice-day area begins to 
retreat, and northern Hokkaido becomes free from the ice-day season in the 
second decade of March. The distribution of the date of the climatic ice-day 
season is shown in Fig. 1-D, where the contrast of the dates between the inland and 
the coastal regions is weaker than in Fig. 1-C. 
    End of winter-day season 
    The climatic winter-day season is over in February in southwestern Japan. 
The northward retreat is slow in central Japan being about 3 km/day along the 
Pacific coast as shown in Fig. 1-E. In March, however, the speed becomes larger 
through the Tohoku district to about 20 km/day along the Pacific coast, while it 
is about 15 km/day along the Japan Sea coast. It is noted in the figure that the 
lag of the date of season end between inland and coastal regions is smaller than 
that in Fig. 1-B. 
   Beginning of the growing season 
   After the end of the winter-day season, the area of the growing season begins 
to expand northward. The beginning dates are shown in Fig. 1-F, in which a 
sharp contrast between coastal and inland regions is not recognized. 
    As is described above, the difference of the seasonaltransition in early winter 
between coastal and inland regions is larger than that in late winter, because the 
 thermal effect of the sea water upon the climate toward cooling is more influential 
to the way of heating. 
    Further investigations into the above distributions (Figs.  1-A--F) show that the 
equal-date-lines run converging upon a zone along the Tokai and Hokuriku areas. 
It means that the areal expanding or shrinking of the thermal season stagnates 
there. Accordingly that zone must be  climatologically noticed as a discontinuity 
of the thermal areas in winter.
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   II Winter-day season and ice-day season 
   Length of ice-day season 
   Based on the date in Figs.  1-C,D, the length of the climatic ice-day season can 
be calculated at each place and its distribution is shown in Fig. 2-B. It is known 
from the distribution that northern Hokkaido suffers freezing all day long for 
about three months, while there is no climatic ice-day season in southern Hokkaido 
facing the warm current of the Japan Sea, though the distance between the two 
districts is less than 400 km. In general the ice-day season is shorter in the 
coastal region than in the inland region. This tendency, which is clear in southern 
Hokkaido, disappears in northern Hokkaido facing the Okhotsk Sea, because the 
Sea is closed by ice in winter. 
   Distribution of number of ice-days 
   The length of the climatic ice-day season  differs from the normal of the actual 
number of ice-days, because actual daily maximum air temperature may fall below 
0°C even when the  normals of maximum air temperature of the same date is above 
0°C. That is because the ice-day appears in the period free from the climatic 
ice-days as shown in Fig. 2-A. Thus, the number of ice-days steadily decreases 
southward in the Tohoku district, though the climatic ice-day season suddenly 
disappears in southern Hokkaido. Based on the data in Figs.  2-A,B the relation 
between the length of the ice-day season and the annual number of ice-days are
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       Fig. 4 A: Length of winter-day season B: Annual number of winter-days 
shown Fig. 3. It means that former can not be formed when the latter is less 
than 40 days, and that both of the values approximate to each other in areas 
where the latter is more than 40 days. In this sense the  figure of 40 days is a 
critical value. 
   Climatic winter-day season and number of winter-days 
   From the data in Fig. 1-B and in Fig.  1-E the distribution of the length of the
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climatic winter-day season is obtained in Fig. 4-A. The area with the long season 
expands from  Hokkaido toward the inland of central Japan, and the long season 
area over northern Japan is divided from the short season area over southwestern 
Japan by a discontinuity between  them. Both the patterns in Fig. 4-A and 
Fig. 4-B,  showing the distribution of the number of winter-days are approximate 
to each other only in the area with winter-days more than 50 days (Fig. 5). 
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  Fig. 5 Relation between the length of  winter-day season and the annual number of 
          winter-days 
   III Monthly normal air temperature and number of ice-days or 
 winter-days 
   There are publications on the monthly normals of daily maximum or minimum 
air temperature at many climatic stations, where the normals on winter-days or 
ice-days are not calculated. In the meantime, if the relation between the 
monthly normals of air temperature and those of the number of ice-days or the
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Fig. 7  Relation between montly minimum air temperature  normal  and the number of winter-
      days 
winter-days are available, the latter can be estimated based on the former. As for 
data at all the meteorological offices the relation between the number of ice-days 
and the monthly normals of daily maximum air temperatures is shown in Fig. 6, 
where that relation for each month can be represented by the tendency curves with 
little deviations. On the other hand, the curves with respect to the number of 
winter-days are represented in Fig. 7. 
     Based on these curves, normals of the monthly number of ice-days or of 
winter-days will be given as a total value of each month. In the case of winter-
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days, the errors of estimated annual number from the statistic value are within 
±5 days at 90% of all places, within ±4 days at 80% and within 1 day at 
47%. 
    No matter how the geographical situation or climatic factors at each site of the 
meteorological offices, the results mentioned above are obtained with the same 
degree of errors. This means that the number of ice-days or winter-days can be 
estimated with little deviations anywhere in Japan as far as the monthly normals of 
air temperature are known, and that their detailed distribution can be drawn 
according to the scale of the climatic stations network (about one thousand in 
 Japan). 
 IV Freeze-thaw days 
   Three kind of days will be distinguished in the cold  season: Such are the 
days with temperature below 0°C for a whole day, the days with minimum tem-
perature below 0°C and the days perfectly free from freezing. The first kind is the 
ice-days, which are included in the winter-days, the second group. The days 
belonging to the second group except the ice-days may be called the freeze-thaw 
days, on which both freeze and thaw are experienced  within. a day. The freeze-
thaw days are important in climatic geomorphology from the view point of the 
freeze-thaw influence upon the land  surface. The number of the freeze-thaw days 
equals to the difference between the number of winter-days and of ice-days. The 
distribution of the annual number of freeze-thaw days is shown in Fig. 8, in which 
discontinuity of the distribution pattern divides Japan into two  parts: northeastern 
Japan with high values and southwestern Japan with low values. Within each of 
the two parts, the distribution is comparatively homogeneous. Here, it is 
noteworthy that the distribution of the monthly numbers is quite different each 
another. As is shown in Fig. 9 the area with high-vales appears in central
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                   Fig. 9 Monthly numbers of  freeze-thaw days 
Japan during middle winter, while it is seen in northern  Japan during early 
winter or late winter. 
   As for the number of freeze-thaw days detailed  distribution maps on a large 
scale are useful for geomorphologists. Hence, the actual number of those days 
in a year (1955) were counted at all the climatic stations in Japan, and their 
monthly distribution maps were prepared (H. Suzuki 1966). This is a time 
consuming work, though the data were limited to only one year. It will be almost
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impossible, therefore, for any investigator to draw normal distribution maps with 
the same density according to the same method as this. 
   However, the number of freeze-thaw days, which are the differences between 
the annual normal numbers of winter-days and of ice-days, can be estimated at 
any place where the normals of maximum and minimum air temperature are 
known, because the numbers of both kinds of the days can be estimated as 
mentioned above. Based on the tendency curves in Fig. 6 and Fig. 7, the author 
made diagrams (see Fig. 10) to estimate the number of freeze-thaw days (for 
examples in January and March) when both the maximum and minimum air 
temperature normals were given. The distribution of all the meteorological offices 
on these diagrams hows that the seasonal change of the geographical distribution 
pattern of the number of freeze-thaw days (Figs.  9-A— D) is understood from the 
viewpoint of location of the area of the distribution of these offices in Japan on the 
diagrams by months. 
   Anyway, the approximinate number of freeze-thaw days will be obtained 
from these diagrams at any place where the monthly normals of maximum or 
minimum air temperature are known. 
   V Regional division 
   From the above investigations, regional divides concerning the thermal 
conditions are found in the cold season of Japan, that is; 
    On the way of advance or retreat of equal-date-lines of growing season, 
winter-day season and ice-day season in Japan, it is known that these migra-
tions or retreats frequently stagnates on the Zone  H—T indicates in Fig.  11-A. 
Needless to say, the isopleths tend to closely converge upon the distribution map 
on the winter-day season length or the number of the winter-days, here, the 
mediam value of the latter is 70 days. Such a tendency appearing along the zone 
is clearer in the Tokai district of the Pacific side than in the Hokuriku district of 
the Japan Sea side. Here, the former half or the zone will be called the Tokai 
discontinuity zone in the winter-day season (Tokai D.C.W) and its latter half will 
be called the Hokuriku discontinuity zone in the winter season (Hokuriku D.C.W). 
The phenomenon having such a nature with respect o the ice-day season is found 
in Oshima peninsula in Hokkaido. It will be called Oshima discontinuity zone 
in the ice-day season (Oshima  D.C.I). 
    Further, important divides will be supposed on the isopleths with critical 
values as follows (see Fig.  11-B) 
    a) 0 day in the length of ice-day season 
    b) 40 days in the number of ice-days
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 Fig.  11  A: Discontinuity zone with respect to the appearance of ice-days or winter-days 
         B: Tsopleths of critical values with respect to the appearance of ice-days or 
              winter-days 
   c) 0 day in the number of ice-days 
   d) 70 days in the number of winter-days 
   e) 50 days in the number of winter-days 
   f) 0 day in the length of winter-day season 
   g) 0 day in the length of the season without the growing season 
   Among them the isopleth of a) coincides with that of b), and run in the zone of 
Ohima  D.C.T. In the Kanto district the isopleths of e),f) and g) coincide one 
another, lying along the Kanto D.C.W, the axis of which coincides with d). In 
southwestern Japan, the isopleth of e) coincides with that of  f), and above the 
isopleths tend to coincide with the isopleths of g) especially in the southern Kyushu 
district. That is, it is noted that several divedes which are different from one 
another in nature overlap one another in location in many regions. The most 
typical example among them is to be seen along the zone from the eastern part of 
Kanto district to the western part of the Hokuriku district throughout he Tokai 
D.C.W.. Accordingly, that zone is estimated as the most notable thermal divide 
in the winter of Japan. 
   Based on these divides, climatological division of  Japan in the cold season will
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winter-days
 division. in Japan based on the appearance of ice-days and
be made as follows; (see Fig. 12) 
I Severely cold region 
   It has the ice-day season as normal and there 
II Cold region
are more than 40  ice-days
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   It has no ice-day season as normal but has either a few ice-days or more than 
70 winter-days 
 II-1 Cold inland region 
            It has over 70 both the ice-days and winter-days 
 11-2 Cold coastal region 
            It has ice-days and winter-days less than 70 
 11-3 Cold sub-continental region 
             It has over 70 winter-days and no ice-days 
III Cool region 
   Winter season is much shorter than that in northeastern Japan 
 III-1 Cool region of short winter 
            It has a few winter-days and no ice-days 
 111-2 Cool region of a few winter-days 
             It has less than 50 winter-days and no winter-day season as normal 
 111-3 Cool region where the growing season lasts all the year around 
             Daily mean normal is always obove 5°C
   Summary 
   In this paper the author tried to investigate the thermal condition in winter 
in view of winter-days or ice-days in Japan. The results are summarized as 
 follows; 
   1) With respect o winter-days and ice-days, the dates of beginning or the 
end were identified in their distribution pattern. 
   2) In the processes of the expansions or the reductions of the winter-area, the 
author found that there are zones where the advances or retreats of the front of 
the area frequently stagnated. 
   3) The discontinuities in the distribution patterns of the number of winter-
days or ice-days were found along that zones. 
   4) Based on that zones and on the critical values with respect to the 
appearances of winter-days or ice-days, a climatological division of Japan was 
presented concerning the thermal conditions in winter. 
    5) Concerning ice-days and winter-days,a method was given to estimate 
their season length or their number of days. It is applicable wherever monthly 
normals of maximum and minimum air temperature are known. Thus it 
became possible to make the large scale distribution maps of them. 
   6) The author explained the monthly distribution of freeze-thaw days and 
their seasonal changes in Japan. He also presented iagrams by means of which
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the method the number of freeze-thaw days are estimated wherever the monthly 
normals of maximum and minimum air temperatures are available. 
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